The dehydration of theophylline monohydrate in powder and tablet forms was studied by using an infrared water-content measuring instrument.Intact theophylline powder was recrystallized from distilled water,and ground powder was obtained by grinding in a ceramic mortar with a pestle.The samples were dehydrated as follows.The intact and ground powders were placed on a plate8cm in diameter.A powder bed was formed on a plate 3cm in diameter as a model of a loosely packed tablet,and a tablet2.0cm in diameter was obtained by compression at 1.0t/cm2. Dehydration kinetic mechanisms of various dosage forms of theophylline monohydrate were clarified by using various kinds of solid-state kinetic models.The dehydrations of intact and ground powders followed two-dimensional growth of nuclei and three-dimensional growth of nuclei equations,and the activation energies(Ea)were 20.1 and 23.0 kcal/mol,respectively.The dehydrations of powder bed and tablet followed two-dimensional phase boundary and threedimensional phase boundary equations,and the Ea values were 15.4 and 11.5 kcal/mol,respectively. It seems that the dehydration of intact powder starts randomly at each particle and proceeds two dimensionally,but that of ground crystals proceeds three-dimensionally from the cracks in particles.In the case of the powder bed the dehydration proceeds two-dimensionally from the surface particles of the powder bed into the inner particles.The dehydration of a tablet proceeds three-dimensionally from the outside of the tablet into its inside.
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The dehydration of theophylline monohydrate in powder and tablet forms was studied by using an infrared water-content measuring instrument.Intact theophylline powder was recrystallized from distilled water,and ground powder was obtained by grinding in a ceramic mortar with a pestle.The samples were dehydrated as follows.The intact and ground powders were placed on a plate8cm in diameter.A powder bed was formed on a plate 3cm in diameter as a model of a loosely packed tablet,and a tablet2.0cm in diameter was obtained by compression at 1.0t/cm2. Dehydration kinetic mechanisms of various dosage forms of theophylline monohydrate were clarified by using various kinds of solid-state kinetic models.The dehydrations of intact and ground powders followed two-dimensional growth of nuclei and three-dimensional growth of nuclei equations,and the activation energies(Ea)were 20.1 and 23.0 kcal/mol,respectively.The dehydrations of powder bed and tablet followed two-dimensional phase boundary and threedimensional phase boundary equations,and the Ea values were 15.4 and 11.5 kcal/mol,respectively. It seems that the dehydration of intact powder starts randomly at each particle and proceeds two dimensionally,but that of ground crystals proceeds three-dimensionally from the cracks in particles.In the case of the powder bed the dehydration proceeds two-dimensionally from the surface particles of the powder bed into the inner particles. might not be negligible.This powder bed under condition II was presumed to be a model of a loosely packed tablet. The time required for dehydration(T.D.),the porosities of packed and loose powders,the particle size(D)and Sw of theophylline powders are summarized in Table   The T.D.of ground powder was slightly faster than that of intact powder because the Sw of ground powder was about 45%larger than that of intact powder.The porosity of intact powder was almost the same as that of ground powder. The T.D.of the powder bed and tablet were about 2.5 and 4.5 times longer than that of intact powder.This result suggested that the dehydration of powder bed and tablet was affected by a diffusion of water vapor or thermal conductivity in the interparticle void. intact crystal was dehydrated from the side wall of the columnar crystal, but the shape of the ground crystal was similar to a cube,and the dehydration started randomly from cracks in the particle.
Figure5shows the data for the dehydration process presented by Shefter et a1.,3)who concluded that the dehydration of theophylline monohydrate followed a zero-order mechanism because the dehydration process at less than 50%fractional dehydration was linear. However,we recalculated their data by using various kinds of solid-state kinetic model equations(Tble11)and this result suggested that the dehydration data was best fitted to the two-dimensional growth of nuclei equation(A2)as shown in Fig.5 .
Figure6shows the predictions of model equations for the isothermal dehydration of various dosage forms of theophylline powders.Values in the range of 5-95%fractional dehydration were used as data for analysis of dehydration mechanisms.The plots were estimated by using the least-squares method.The dehydrations of intact and ground powders followed A2 and the three-dimensional growth of nuclei(A3)equations,respectively.It seems that the dehydration of intact crystals started randomly at each particle and proceeded twodimensionally because the crystal had a columnar shape,but that of ground crystals which had a cube shape started randomly and proceeded three-dimensionally from the cracks in the particles.
In the case of the powder bed,the dehydration followed the two-dimensional phase boundary(R2)equation.The powder bed under condition II had a large interparticle void and was heated from a surface of the powder bed,so the dehydration proceeded twodimensionally from the particles on the surface of the powder bed into the inside.There was a gradient of temperature between the surface of the powder bed and the inside,since the powder bed had a large interparticle void with poor thermal conductivity.
The dehydration of a tablet followed the three-dimensional phase boundary(R3) equation.The tablet under condition III had smaller surface area and interparticle void than the powder bed under condition II.But the tablet was detached from the sample plate by using a holder,so the dehydration proceeded from both sides of the tablet.Therefore it seemed that the dehydration of a tablet proceeded three-dimensionally from the outside of the tablet. However,the dehydration of a tablet would involve a diffusion process of water vapor and thermal conductivity in the interparticle void,and would be very complex.Therefore the dehydration was delayed more than that of the intact powder under condition I or the powder bed under condition II. Table III .The dehydration of intact powder followed the A2 equation and the Ea was 20.1 kcal/mol.On the other hand,the ground powder followed the A3 equation and the Ea was slightly larger than that of intact powder.The ground powder had a larger specific surface area than the intact powder,and the particles has a cubic shape with many cracks,so the dehydration mechanism of ground powder was different from that of the intact powder.
The dehydration of a powder bed and a tablet followed R2 and R3 equations and the Ea values were 15.4 and 11.7 kcal/mol,respectively.The dehydrations of the powder bed and the tablet were not homogeneous reactions,because the dehydrations included the diffusion process of water vapor and the thermal conduction process in the interparticle void.Therefore the calculated values of Ea are apparent parameters,but from the pharmaceutical viewpoint we can understand the dehydration mechanisms of powder bed and tablet from the plots,and estimate the half lives of dehydration of these dosage forms.
Conclusion
The dehydrations of intact and ground crystals followed the A2 and A3 equations,but the dehydrations of the powder bed and the tablet followed the R2 and R3 equations,respectively.
We conclude that the dehydration rate and mechanism of pharmaceutical preparations depends on the structure of the dosage form.
